Ultrasound diagnosis was introduced in the 1970s, and rapidly became popular in the outpatient clinic because of its safety and non-invasiveness. In Urology, the transabdominal ultrasound (TAUS) is useful to assess patients with lower urinary tract symptoms, to diagnose benign prostatic hyperplasia, and to classify its severity. TAUS is also used in diagnosing stones in patients with loin pain and urinary infections. Micro and gross haematuria are common problems seen in the clinic and TAUS can help in the early diagnosis of bladder tumours. Hydronephrosis from obstructive uropathy and scrotal ultrasound for hydrocele and tumour can be easily seen. However, for more details in diagnosing kidney tumours and testicular torsion, patients need to be referred to the Radiological Department for further assessment. TAUS is useful in the clinic for diagnosing our patients early and helping in further assessment in the clinic. It is also cost effective in improving patient care.
INTRODUcTION
Since the 1970s, ultrasound has been available for clinical diagnosis. Because of its safety, and noninvasive nature, its use is now widespread. It is available not only in the Radiological Department, but also in the specialist clinics and some family physician clinics.
In Singapore, urologists first learned about the use of the ultrasound to localise stones in 1986. This was done using the second generation Lithotriptor, the EDAP machine LT 01, for Extracorporeal Shock Wave Lithotripsy (ESWL) 1 . In 1992, with the installation of the Prostatron machine for Transurethral Microwave Thermotherapy (TUMT), for benign prostatic hyperplasia, we learnt to ultrasound the prostate to measure its volume and length of the prostatic urethra 2 . The ultrasound machine, which is part of the TUMT system, was also used for the measurement of the residual urine. Soon we noticed the usefulness of assessing not only the size but also the configuration of the prostate, the degree of protrusion into the bladder, which co-related negatively with urinary flow rate.
With the introduction of the prostate specific antigen (PSA) in the early 1990s, transrectal ultrasound (TRUS) was used to further assess patients with raised PSA, abnormal digital examination, and as a guide in transrectal biopsy 3 .
With this background experience, we were able to slowly extend the use of diagnostic ultrasound to the urological outpatient specialist clinic.
It must be emphasised that in performing and interpreting the ultrasound images, we should know our limitation and refer suspicious and more complex cases such as assessment of renal masses to our radiological colleagues. We complement and not compete in their specialised field.
cLINIc ULTRAsOUND
The use of the ultrasound in the clinic is now an indispensable part of our routine assessment of patients. It has become an extension of our palpation in the physical examination of patients.
The common clinical problems seen at clinics are shown in Table 1 .
Lower urinary tract symptoms (LUTS) suggestive of benign prostatic hyperplasia (BPH)
This is one of the common clinical problems, especially with the increase of the ageing population. After taking a history and physical examination, including digital rectal examination (DRE), TAUS is used to assess the size and degree of protrusion of the prostate into the bladder cavity. This is used to grade the prostate. The degree of intravesical protrusion of the prostate (IPP) has a positive co-relation to the obstruction of the bladder outlet 4 .
Prostate size (PV) can be measured in the transverse view obtaining the maximum area and using the Fig. 1 . A 57-year-old male teacher was treated for three years with alpha blockers for lower urinary tract symptoms at another hospital but with not much improvement. He then went to see his General Practioner (GP) for further advise. His GP performed a clinic ultrasound which showed a prominent median lobe of prostate which would usually only respond to surgical treatment. He was then referred to us for transurethral resection of the prostate.
Proceedings of Singapore Healthcare  Volume 22  Number 2  2013 cursor to trace out the area and the machine will calculate the volume using a pre-determined formula (ellipsoid formula). IPP can be measured in the sagital view with a comfortably full bladder of 150 to 250 ml, by measuring the distance from the inner most protruding tip to the base of the prostate at the circumference of the bladder 5 . The IPP can then be graded according to grade 1: 0 to 5 mm, grade 2: > 5 to 10 mm, and grade 3: more than 10 mm. Our studies have shown that out of the patients with grade 3 IPP, 94% were obstructed, while out of the patients with grade 1 IPP, 79% did not have obstructed urodynamic pressure flow study, which is the standard for determining obstruction objectively 4 . Studies have also shown that patients with grade 3 IPP are more likely to fail trial off catheter as compared to patients with grade 1 IPP (67% versus 36%) 5 . On a followup study, grade 3 IPP patients were seven times more likely to deteriorate in terms of worsening symptoms and obstruction requiring surgery than grade 1 IPP patients 6 .
Prostate size is related to IPP, the bigger the prostate the more the IPP, with some exception. About 3% of patients may have a volume of less than 20 ml and yet have grade 3 IPP due to the presence of the median lobe 7 (Fig 1) . Prostate volume is important for patients undergoing surgery, the bigger the prostate the longer the time required for transurethral resection. The surgeon and anaesthetist would be more able to estimate the resection time and anticipate the complexity of the procedure.
The ultrasound is also used to measure post-void residual urine (PVR), after the uroflowmetry test. If PVR is more than 100 ml, the patient is asked to void again and only persistent PVR is considered. Patients with persistent PVR more than 100 ml are considered to have a possible significant obstruction, resulting in the bladder not being able to be emptied. However it must be kept in mind that in a small percentage of patients, persistent PVR can be due to bladder dysfunction.
The kidneys undergo ultrasound to check for the presence of hydronephrosis and hydro-ureters. This would be more sensitive than measuring the serum creatinine. Occasionally, incidental cysts, tumours, and stones are found. Hydronephrosis, in the absence of large residual urine would suggest the possibility of a malignant prostate causing obstruction to the ureters.
Together with the international prostate symptom score (IPSS), the quality of life (QOL) index, uroflow rate, and the residual urine measurement, we can classify our patients into stages for further management as follows:
Stage I: Patients with no bothersome symptoms (QOL <3) and no significant obstruction;
Stage II: Patients with bothersome symptoms (QOL 3 or more) but no significant obstruction;
Stage III: Patients with significant obstruction (PVR persistently >100 ml) or mean voided volume less than 100 ml irrespective of symptoms;
Stage IV: Patients with complications of benign prostatic hyperplasia (BPH) e.g. retention of urine, bladder stones, recurrent haematuria, urinary infections.
Further management:
Grade 1 stage I: patients can generally be watched;
Grade 3 stage III: patients would usually need more aggressive treatment with surgery as an option, or with 5-alpha reductase inhibitors.
Stage II patients can be treated symptomatically with alpha blockers, which need to be balanced with its effectiveness and the possibility of hypotension in elderly patients.
Generally there is good concordance of grade and stage, but in about 10% of patients with stage III and low grade IPP, they would need further investigation with urodynamics and/or flexible scope for further differential diagnosis.
Stage IV patients would generally need surgical treatment.
In our study of 408 patients, 59% of patients were on conservative management, 26% on alpha blockers, 6% on 5-alpha reductase inhibitors, and 9% were advised to undergo surgery at the time of first consultation 8 .
Urinary Tract Stones: Urolithiasis
Urinary tract stone is another common problem we Proceedings of Singapore Healthcare  Volume 22  Number 2  2013 see in the clinic.
It is twice as common in males than in females. The incidence increases after the age of 20 9 . Though the usual presentation is pain, they can also cause haematuria, and occasionally cause obstruction without symptoms.
Urinary tract stones are easily seen on ultrasound as hyper-echoic lesion with its characteristic shadow (Fig. 2) .
Though computer tomography (CT) of the kidneys (KUB) (spiral CT) is the standard for diagnosing and assessing our patients with urinary stones, the use of clinic ultrasound is very useful. In patients with ureteric colic, ultrasound can be used to detect the presence or otherwise of hydronephrosis, and indicate the severity of obstruction. In severe obstructions, ultrasound can also be used to assess the thickness of the parenchyma (Fig. 3) .
In the follow-up of patients after extracorporeal shock wave lithotripsy (ESWL), ultrasound is used to Fig. 2 . A 50-year-old male presented with gross haematuria, bedside ultrasound showed a superficial bladder tumour. Fig. 3 . A 57-year-old female with urinary infection. Clinic ultrasound showed a left staghorn stone.
Proceedings of Singapore Healthcare  Volume 22  Number 2  2013 assess residual hydronephrosis, and the occasional perinephric haematoma. When a patient is stone free on the KUB x-ray after treatment of renal or upper ureteric stones, clinic ultrasound is done to assess the upper tract. If there is pelvicalyceal dilation, the patient would need an intravenous urogram (IVU) or CT KUB to detect the possibility of stone fragments over-laying the sacral iliac bone region, which can be missed on a plain KUB x-ray.
Only if there is no hydronephrosis can a patient be declared stone free. In our series of patients with ureteric stones treated with ESWL in situ, the stone free rate was 75% 1 .
Bladder stones are easily detected on ultrasound.
In fact, ultrasound is more sensitive in detecting bladder stones than the plain X-ray, as some of the stones may be radiolucent, or obscured by faecal matter.
Haematuria
About 25% of patients with gross haematuria have some form of urological malignancy, which is especially so in male patients above the age of 40 10 . Bladder tumour is the commonest cause of haematuria in this group of patients.
The majority (95%) of bladder tumours are due to transitional cell carcinoma. It is important to have a full bladder for a proper ultrasound examination.
Bladder tumours are easily detected on transabdominal ultrasounds (Fig. 4) ; though small tumours at the dome may be missed. Muscle invasion could be suspected from the flattened shape of the tumour and the presence of hydronephrosis. A CT urogram would then be done to assess the upper urinary tract before admission for the transurethral resection procedure. In this way, much time is saved from clinical presentation to treatment, compared to the previous practice of requesting for an IVU and listing the patient for cystoscopy before any definitive diagnosis and treatment.
More experience and expertise is needed to ultrasound the kidneys for renal masses as a cause of haematuria. The cystic lesions are easy to detect but the small solid ones can be easily missed and wrongly interpreted.
If no pathology is found on the ultrasound in patients with gross haematuria, a CT urogram Fig. 4 . A 45-year-old male with right ureteric colic. Right kidney showed moderate hydronephrosis due to a stone 6 mm x 6 mm at the lower ureter. Left kidney showed gross hydronephorosis due to a big stone 1 cm x 2 cm at mid-ureter on subsequent intravenous urogram. He was treated with extracorporeal shock wave lithotripsy for the right ureteric stone, and left nephrectomy because of the paper thin cortex with minimum function.
Review
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Urinary Tract Infection
Urinary tract infection (UTI) is another common problem we see in the urological clinic especially among females. Many of these patients would have been treated by the family physician before referral; therefore most would need further investigation as to the possible cause. Ultrasound of the urinary system to look for hydronephrosis due to obstruction, stones in the kidneys, lesions in the bladder, and the measurement of PVR in this group of patients is very helpful. IVU may not be necessary, to reassure the patient that there is no obvious cause for the UTI.
Scrotal and Genital Ultrasound
For scrotal masses, the solid testicular tumour can be easily distinguished from a tense hydrocele. It would be beyond our expertise to differentiate a twisted testicle from acute epididymo orchitis; for that a doppler ultrasound by the radiologist would be needed.
Calcified plaques in Peyronie's disease, and urethtral stones can be seen in the ultrasound of the penis.
cONcLUsION
Clinic ultrasound has been a positive influence on the way we practise. Patients are diagnosed earlier for definitive treatment without having to come for multiple visits. It is cost effective, and this is one technology which is strongly recommended for the Urology Clinic. It would also be useful in the family physician clinic as it can be used for the detection of other non-urological pathology as well.
